Appropriate location is an important prerequisite for the long-term survival and development of private medical institutions. However, in both theory and practice, the issue of location decision-making for private clinics has not been fully studied. We therefore aimed to provide a feasible scheme for the location of new private clinics. This paper combines the k-means clustering method and an integrated 2DULVs (twodimensional uncertain language variables)-TOPSIS (technique for order preference by similarity to ideal solution)-DSCCR (Dempster-Shafer conjunctive combination rule) model to screen and evaluate all of the areas in the target region for an Internet medical company to set up offline clinics. We first created geographic grids using GIS and collected point of interest (POI) data. We then used the k-means clustering method to obtain 10 suitable grids as alternatives. Last, we established an evaluation index system and used the proposed model to rank them. The results show that grids 178, 179 and 202 are more suitable for the company to establish offline clinics in the expansion of business. The results of this study are also consistent with those of the other three fusion methods. This paper provides a beneficial attempt for private clinics to make location decisions and can be extended to the strategic decision-making of other industries or other issues.
I. INTRODUCTION
This study was motivated by a medical technology company that had previously focused on online healthcare consultation services. Given both the challenges and opportunities presented by medical reform, the company decided to set up offline clinics to enable it to offer medical-grade services. For reasons of confidentiality, the medical technology company is referred to in this article as ''online medical service (OMS).' ' With the development of the economy and reform in healthcare policies, OMS entered a challenging environment. The National Health Commission of China explicitly limited The associate editor coordinating the review of this manuscript and approving it for publication was Senthil Kumar. the subject and scope of Internet diagnosis and treatment in the Trial Measures for Internet Diagnosis and Treatment Management in 2018. In addition, most customers are still accustomed to buying drugs and receiving treatment in some offline medical institutions after online consultation. Faced with the limitations of online medical services, OMS needed to build clinics if it was to expand its business scope and provide medical-grade services to obtain more profits and achieve long-term development.
In addition, private medical enterprises have unprecedented opportunities to develop medical institutions due to the adjustment of the policies of setting up medical institutions. On the one hand, the government proposed to control the unreasonable increase in public hospitals and encouraged VOLUME 8, 2020 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ practicing doctors to hold private clinics. Many cities, such as Beijing, Shanghai, Wuhan and others, have even lifted the restrictions on the number and location of social medical institutions. On the other hand, no matter promoting the hierarchical medical system or expanding the coverage of family doctors, more grassroots medical institutions and social forces are need to participate. To take advantage of the preferential policies for private medical institutions, OMS decided to open offline clinics. OMS has struggled with the proper locations for its clinics because it has no experience in operating clinics. Managers of OMS are unsure which factors to consider or how to collect data to find appropriate places for its clinics. In fact, most of the current literature on location selection for medical facilities is related to hospitals or emergency medical facilities, and very few studies focus on private clinics. In addition, the number of clinics in China has exploded in recent years, increasing by 13,000 in 2017 to 17,000 in 2018. However, numerous clinics are closing down every year and even every day, and the main reasons for these closings include lack of management knowledge, improper location selection and so on. Therefore, it is urgent for OMS managers to find an effective way to determine the sites of clinics before expanding their business.
Given the difficulty in collecting location data and changing the site of a facility once it has been determined, we carefully planned the research process [1] , [2] . This study first obtained POI (point of interest) data from the API (Application Programming Interface) of Autonavi (one of the most famous map companies in China) and then collected and calculated the location data using the powerful spatial analysis and processing function of GIS (geographic information system) software. Next, the k-means clustering method and the integrated 2DULVs (two-dimensional uncertain language variables)-TOPSIS (technique for order preference by similarity to ideal solution)-DSCCR (Dempster-Shafer conjunctive combination rule) model were used to evaluate the conditions of each geographic grid, and this evaluation can effectively help OMS managers identify appropriate construction sites and make the right strategic decisions.
The location selection scheme proposed in this paper is suitable for enterprises such as OMS that lack of management experience in physical stores to select sites for clinics. First, the use of available POI data and GIS software can help enterprises reduce the pressure of field investigation and data collection, and quickly obtain the data of each grid. Second, k-means clustering method is helpful to narrow the scope of the target region and identify candidates. Third, the integrated evaluation model draws on the rich experience of experts and integrates different opinions. The research process of this paper not only considers the efficiency and conflict of decision-making, but also is easy for enterprises to understand and implement.
The structure of this article is organized as follows. In section II, we review the literature. In section III, we introduce the theoretical knowledge of the methods proposed in this article for modeling preparation. In section IV, we introduce the modeling process and the application to OMS in its business expansion decision-making process. Section V analyzes the results and section VI summarizes the conclusions.
II. LITERATURE REVIEW
In this section, we discuss three literature streams that are most relevant to this study: a) location decisions of facilities, b) integrated evaluation model, and c) construction of the evaluation index system.
A. LOCATION DECISIONS OF FACILITIES
As it is important to determine an appropriate location for facilities, numerous studies have explored the problem of location decisions for facilities. Using mathematical models to study the optimal location of facilities is a somewhat popular method; for example, Li et al. proposed a method to select the location of a distribution center through a linear programming model that minimizes the total cost [3] . The existing literature mainly focuses on the covering problem, median problem, center problem and other discrete site selection problems, and there are also models for cross middle finger, precise center of gravity and other continuous point site selection processes. However, there are drawbacks to using mathematical models, as they are usually based on many assumptions that are disconnected from reality and difficult to solve. Therefore, an increasing number of studies have adopted multi-criteria decision models to make location decisions [4] , such as AHP (analytic hierarchy process), ANP (analytic network analysis), rough set, fuzzy number, etc. [5] . Wang et al. combined AHP and the gray number theorem to select the overseas markets for air medical transportation [6] . Choudhary et al. proposed a fuzzy AHP-TOPSIS model based framework to determine the optimal location of thermal power plants and verified its validity [7] .
In addition, current research on the location of medical facilities mainly focuses on hospitals and emergency medical facilities. For example, Vahidnia et al. studied the optimal location for a new hospital in Tehran's urban area [8] . Nogueira et al. discussed the problem of ambulance position redistribution to reduce emergency medical response time [9] . Since few research studies focus on the location decisions of private clinics, this paper hopes to provide some insights to enhance the location decision-making of private clinics by adopting a multicriterion evaluation method.
B. INTEGRATED EVALUATION MODEL
A multicriterion decision-making model is an important resource for managers to accurately make decisions [10] . It sorts the choices based on preferences over multiple criteria. Due to the problems of ambiguity and uncertainty in decision-making, some expressions of uncertainty, such as interval number or uncertain language variables, have appeared in many studies [11] . Some scholars have also used fusion methods to deal with conflicts in multicriteria evaluation processes, in which evidence theory is widely used.
For example, Wei et al. proposed a method to make decisions using a new evidence theory conjunction operator when linguistic information is present [12] . 2DULVs and D-S evidence theory are widely used in multicriterion evaluation studies, such as in [13] and [14] , but few papers combine them. In fact, combining them to make location decisions can effectively deal with uncertainties and conflicts in expert evaluation. Thus this paper adopts an integrated 2DULVs-TOPSIS-DSCCR model to help OMS make location decisions.
In terms of data collection, this paper chose geographic data and GIS software to make research more objective and efficient. Actually, many scholars have used spatial tools in research. For example, Uyan and Mevlut applied GIS to study landfill site selection, and recommended three locations through the landfill suitability map [15] . Lin et al. explored the relationship between the location of retail stores and street centrality using POI data of retail stores to better predict their location [16] . Gloria et al. proposed a truly declarative language for manipulating collections of possibly geo-tagged objects to understand the mobility of residents [17] . Given the large number of grids to be analyzed, we conducted a preliminary screening using a clustering method. Just as Li et al. selected high-risk areas for analysis through k-means clustering in their study of risk assessment of water pollution sources [18] and Yu et al. conducted a simple linear iterative clustering before obtaining the objects of interest [19] , we used a k-means algorithm for preliminary screening. However, some more complex clustering algorithms, such as clustering ensemble, have become the focus of research. Many scholars have proposed improved clustering ensemble frameworks, which consider unbalanced data sets [20] , the weights of features [21] , the weights of clusters [22] , and the selection of clusters participating in the ensemble framework [23] . We choose a k-means clustering algorithm because it is easy to implement and promote. We will consider improving it through clustering ensemble framework in future research.
C. CONSTRUCTION OF EVALUATION THE INDEX SYSTEM
Many scholars have studied the factors affecting the location of medical institutions using various methods and have obtained valid results. For example, Vahidnia et al. evaluated alternatives by incorporating population density, land cost, distance from arterial routes and pollution into the index system and used fuzzy AHP to determine optimal hospital locations [8] . Şahin et al. studied the influence factors of hospital locations and the results show that demand, accessibility, competitors, related industries and environmental conditions are important factors [24] . Chiu et al. studied the optimal location for the expansion of a hospital and obtained the most appropriate location by considering the medical demand, construction cost, transportation, industry support and future development and other factors [25] .
There are many factors involved in choosing the location of a medical institution. By investigating the relevant literature and consulting experts, this paper establishes an evaluation index system for OMS setting up its clinics. Our evaluation criteria covered environmental conditions, accessibility and convenience, medical needs and economic efficiency, and suitability for long-term development. These criteria have appeared extensively in other studies and have proven to be important.
III. PRELIMINARY MODELING
This paper intends to assist OMS in making location decisions. In this paper, combining the k-means clustering method with an integrated 2DULVs-TOPSIS-DSCCR model, meant that all of the grids were considered. In fact, the methods and analytical process of this paper can be easily generalized to other industries or other decision-making problems simply by changing the paper's subject or indicators. This section mainly introduces the theoretical basis of the model adopted in this paper.
A. k-MEANS CLUSTERING METHOD
Currently, the unsupervised learning algorithm of clustering is playing an increasingly important role due to its simplicity and practicability [26] . Among clustering methods, the k-means clustering algorithm is the most commonly used [27] . It is a clustering algorithm that randomly selects k objects as the initial clustering centers and assigns each object to the nearest clustering center through computational iteration. By classifying a large amount of data and identifying the categories that should be given attention, the efficiency and accuracy of decision-making can be greatly improved [28] .
It is important to determine the optimal number of clusters k in the k-means clustering method. Calinski criterion, silhouette coefficient, gap statistic, cluster ensemble and other models have been widely applied in many studies. In this paper, we adopt silhouette coefficient and Calinski criterion to determine k because they are more complex and visual. Silhouette coefficient can be calculated using (1) . The closer it is to 1, the more reasonable the clustering.
Here, a(q) denotes the average distance from sample q to other samples in the same cluster, b(q) denotes the minimum average distance from sample q to all samples in other clusters.
The Calinski criterion can be calculated using (2) . The larger it is, the better the clustering effect.
Here, SS B denotes the sum of squares error between groups, SS W denotes the sum of squares error within groups, n is the number of samples, and k is the number of clusters.
After determining the optimal cluster number, the samples are iterated until the objective function (3) converges.
Here, m s denotes the vector of attribute values corresponding to the cluster center, c j denotes the clustering region whose clustering center is m s , u denotes each point in cluster region c j , x u denotes the vector formed by the attribute values of point u, and k denotes the number of clusters.
B. 2DULVs AND TOPSIS
The two-dimensional uncertain linguistic variable is a method that is based on two-dimensional linguistic values to reflect the evaluator's evaluation information and its credibility. 2DULVs have advantages over the use of clear numbers in solving some decision-making problems because they are allowed to describe complex or ambiguous phenomena [29] .
Suppose that
represents one dimension of evaluation information from decision-makers on the evaluated object, and
and totally ordered discrete set. However, decision-makers may be uncertain about the evaluation results, so let another dimension of the evaluation information [s c , s d ] represent the evaluation of the reliability of their judgment given by decision-makers, and s a , s b ∈ S 1 , s a < s b , S 2 = {s 0 , s 1 , s 2 , · · · , s t−1 } is a finite and totally ordered discrete set. Then, s is called a 2DULV.
Furthermore, suppose
are two 2DULVs. The Hamming distance d(ṡ 1 ,ṡ 2 ) betweenṡ 1 andṡ 2 can then be expressed as (4) , as shown at the bottom of this page.
Here, l denotes the number of language terms contained in set s 1 , t denotes the number of language terms contained in set s 2 .
Consequently, the evaluated objects can be sorted by calculating the closeness degree according to the distance between the evaluated objects and the ideal solutions. The ideal solutions and the closeness degree are obtained using (5) and (6) according to TOPSIS.
Here, r + j (y) denotes the positive ideal solution of the index j, r − j (y) denotes the negative ideal solution of the index j, r j (y) denotes the actual value of the index j, I 1 denotes the efficiency index set, I 2 denotes the cost index set.
Here, d + i denotes the distance from the scheme i to the positive ideal solution, d − i denotes the distance from the scheme i to the negative ideal solution.
C. D-S CONJUNCTIVE COMBINATION RULE (DSCCR)
Evidence theory is an uncertain reasoning method that can provide a fusion method to deal with uncertain information problems. Due to the limitations of expert experience and individual preference, the results of personal evaluation often include uncertainty and randomness. The orthogonal fusion of the opinions from different experts by DSCCR can make the evaluation results more accurate and reliable.
In D-S evidence theory, if the sample space is a finite set of independent and complete propositions or assumptions about a problem, then it is called a recognition framework. If and only if the degree of trust m that is assigned to each proposition satisfies the following conditions, it is called a basic belief assignment (BBA).
In addition, given two BBAs m 1 and m 2 on the recognition framework , they can be combined by the conjunctive combination rule of evidence theory to form a new basic reliability allocation using (7):
Here A i , B j and C denotes the events in the sample space, m denotes the basic belief assignment, and k denotes the conflict between m 1 and m 2 .
IV. THE PROPOSED INTEGRATED 2DULVs-TOPSIS-DSCCR MODEL AND ITS APPLICATIONS
This section first introduces the research framework and modeling process of this paper and then demonstrates its application in the location decisions of OMS.
2DULVs-TOPSIS-DSCCR MODELING
This section introduces the decision-making process of business expansion for OMS. Fig. 1 shows the research framework of this paper. First, we use GIS software to divide the geographical grid of the main urban regions of Wuhan (where OMS is based). Due to the small service radius of most clinics, we set the scale as two kilometers and obtain 313 grids that are two kilometers by two kilometers in size. Next, the data in 313 grids are obtained using the statistical function of GIS. Second, a k-means clustering algorithm is used to cluster the 313 grids to conduct a preliminary evaluation of the grids. Last, the 2DULVs-TOPSIS-DSCCR is used to further evaluate the candidates screened by k-means. We establish an indicator system for evaluating candidates and invite the relevant experts to determine the weight of each indicator and the initial evaluation results of each candidate to obtain the weighted scores. TOPSIS is then used to calculate the relative closeness among the candidates and ideal solutions and to sort them. DSCCR is used to fuse the opinions of the expert groups and obtain a final, comprehensive result. The specific results are described below.
B. APPLYING THE 2DULVs-TOPSIS-DSCCR MODEL TO THE BUSINESS EXPANSION OF OMS 1) DATA COLLECTION
Companies such as OMS wishing to develop offline medical services must systematically collect and analyze geographical data when making location decisions for their facilities. Most of the publicly available data are collected according to administrative area, but such an area is too large for the positioning of the clinics. To help OMS more accurately determine the location of their clinics, we used geographic data and the grid segmentation function of GIS software to analyze smaller areas.
Since OMS is based in Wuhan, they also hope to set up their clinics in Wuhan for initial testing. Due to the relatively developed central areas of Wuhan, OMS was attracted by its market potential and initially wanted to set up clinics in the 7 major urban areas of Wuhan. OMS managers urgently hope to select the most suitable locations using scientific methods. To help OMS identify the market and effectively expand their survival space and profit margin, all regions of the main urban area should be assessed.
We obtained the POI data of Wuhan through the API of Autonavi, and the population data of Wuhan through a commercial housing trading website in China. The POI data of Autonavi can be divided into 24 primary projects, such as transportation facilities services, medical services, business housing, etc. Each primary project is further divided into a number of secondary or tertiary projects. For example, medical services can be divided into general hospitals, specialized hospitals, clinics and emergency centers, etc. Data items affecting the location of private clinics were extracted according to the category and name of the data set. These POI data contain location information, which is conducive to matching and analyzing by GIS software.
In this paper, we selected experts according to their knowledge of relevant fields. Five experts with extensive experience in managing well-developed private clinics were invited to determine the weight of each indicator using the Delphi method. In addition, we also invited 3 experts from the Wuhan traffic management bureau, the Wuhan natural resources and planning bureau and the Wuhan bureau of statistics respectively to effectively evaluate the indicators of 10 alternative grids, for a total of 9 experts. They are familiar with the natural environment, economic conditions, facility construction or social environment of Wuhan. We divided the 9 experts into 3 evaluation groups and ensured that each group contained experts from 3 departments. The final evaluation results of the 3 groups of experts were obtained using the expert scoring method.
2) CANDIDATES SELECTION PROCESS BASED ON THE K-MEANS CLUSTERING METHOD
For enterprises with rich experience in managing physical stores, it may be easy to find several addresses in a target region on a subjective basis and based on experience. However, for companies such as OMS that have never before operated a physical store, efficient and objective methods are required to identify suitable alternative sites. Therefore, we use a k-means clustering method that is simple and efficient to conduct a preliminary screening of all grids to obtain the alternative grids. Based on the literature results, the requirements of OMS and on available data, we chose 5 factors as the basis for k-means clustering. These 5 factors are specifically manifested as size of the population, number of neighborhoods, number of subway station entrances and bus stops, number of parking lots, and number of existing clinics. They represent some of the most important factors in determining the location of a clinic: demand, accessibility, convenience, and degree of competition, all of which have been studied and demonstrated by many scholars. The size of the population reflects the demand for diagnoses and treatments in this grid, the number of neighborhoods reflects the potential demand for family doctors in the future, the number of subway entrances and bus stations reflects the convenience of public transport, the number of parking lots reflects the convenience of parking, and the number of existing clinics reflects the intensity of competition. We chose to cluster the 313 grids (see Fig. 2 ) according to these items because they have proven important in many research results and meet the development requirements of OMS. We clustered the above data following the steps in the k-means clustering method introduced in section III-A.
We standardized the data and calculated the Calinski criterion and the silhouette coefficient. In this study, k is set from 1 to 10. When k is equal to 3, the Calinski criterion has the maximum value, according to Fig. 3(a) . In addition, the contour coefficient is the largest when k is 2, but when k is 3, it is very close to the one when k is 2, according to Fig. 3(b) . To classify grids in more detail, k is set to 3 in this paper to cluster 313 grids. Next, the standardized grid data are clustered. The centroid of the three clusters is shown in Table 1 .
The first cluster has 247 grids, the second has 56 grids, and the third has 10 grids according to Table 1 . Additionally, the final centroid of the 3 clusters is also shown in Table 1 .
The results show that the values of the first cluster are all the lowest among the 3 clusters. Although the competition is less fierce in the first cluster, it has major disadvantages in terms of transportation accessibility, convenience, and healthcare demands. Therefore, the grids in the first cluster are not suitable for building new clinics. Furthermore, all of the values in the third cluster are the highest among all 3 clusters. Although there is a large number of existing clinics in cluster 3, the public transportation accessibility, parking convenience and population demand in this cluster are all much higher than in the other 2 clusters. All of the data in cluster 2 are between categories 1 and 3. An overall comparison of the 3 clusters shows that the third cluster has the highest convenience and the greatest demand for clinics. It has the largest number of existing clinics of the 3 clusters, reflecting the superior conditions that have attracted many investors to set up clinics there at the same time. Despite the large number of existing clinics, the ratio of the population divided by the number of clinics in the third cluster is still the highest among the 3 categories. Therefore, 10 grids in the third cluster are selected as the alternative grids for OMS to set up clinics. 
3) INTEGRATED EVALUATION PROCESS BASED ON THE 2DULVs-TOPSIS-DSCCR MODEL
Using the k-means clustering method, 10 grids were screened out as alternative sites for OMS. However, we must further evaluate the 10 alternative grids to determine the best area for OMS to set up clinics. To learn more about these 10 grids, we evaluated them comprehensively based on the 2DULVs-TOPSIS-DSCCR model. The comprehensive evaluation process is mainly divided into 6 steps, each of which is explained in detail below.
Before formally introducing the 6 evaluation steps, we suppose the set of evaluation schemes to be P = {P x |x = 1, 2, · · · m} and the set of evaluation indicators to be I = I y |y = 1, 2, · · · n , and we set the evaluation set of class I uncertain linguistic as S 1 = (s 0 , s 1 , s 2 , s 3 , s 4 , s 5 , s 6 , ) = {terrible, very poor, poor, average, good, very good, excel-lent}. The evaluation set of class II uncertain linguistic is S 2 = (s 0 , s 1 , s 2 , s 3 , s 4 ) = (very unreliable, unreliable, general, reliable, very reliable). The 6 evaluation steps are as follows:
a: STEP 1: ESTABLISH THE INDEX SYSTEM FOR EVALUATING THE ALTERNATIVE AREAS
The first step is to establish an index system to evaluate the ten alternative grids. Existing studies have not yet formed a unified standard for the indicators of a medical facility location. In this study, 4 primary indicators and 11 secondary indicators are selected (see Fig. 4 ), and they are widely mentioned and considered in many previous studies (given in Appendix B). The evaluation index system is established according to four aspects: environmental suitability, accessibility and convenience, economic benefits and long-term development rationality. The interpretation of each indicator in this paper is as follows:
Environmental suitability is used to evaluate the environmental suitability of alternative grids to set up clinics, and we choose the natural environment [24] and business environment [30] as two specific evaluation indicators. The natural environment includes the evaluation of topography, water source and vegetation. The business environment includes the evaluation of regional characteristics and prosperity.
Accessibility and convenience is used to assess the expedience of residents in visiting the clinic if it is established in this area, and it includes road conditions [25] , [30] , public transport conditions [4] , [25] , [31] and parking conditions [25] . Road conditions includes an assessment of the density and planning reasonableness of major roads. Public transport conditions include an evaluation of the number and reasonableness of the entrances and exits of bus stations and subway stations. Parking conditions refers to the evaluation of the rationality of the number and distribution of public parking lots.
Economic efficiency is used to evaluate the cost and benefit of establishing clinics among the candidates. Four indicators, namely, population distribution [8] , [24] , [31] , [32] , consumption level of residents [24] , [33] , need for medical treatment [32] , [33] and land price [4] , [31] - [33] are selected. Population distribution reflects medical needs through population density and distribution. The need for medical treatment reflects medical needs by estimating the average frequency of illness and hospitalization. The consumption level of residents refers to the assessment of residents' personal income and consumption levels in each area. Land price includes an economic evaluation of land price and store rent.
Long-term viability means that offline clinics should be equipped with supporting facilities and be in line with the city's overall plan. We chose supporting conditions [24] , [32] , [33] and regional planning [24] , [25] , [31] , [33] as indicators. It is important that clinics be located near grade A hospitals because seriously ill patients must often be referred, and a popular business model is to invite doctors from grade A hospitals to establish a multipoint practice here as part-time doctors. The conditions of the supporting facilities reflect the simplicity from the clinics to grade A hospitals and emergency centers. Regional planning refers to the coordination of medical supply and demand within the region and the degree to which regional planning conforms to urban planning.
b: STEP 2: DETERMINE THE WEIGHT OF EACH INDICATOR
The second step is to determine the weight of each secondary indicator. We chose ordered weighted averaging (OWA) operator, which is a weighted method that rearranges data sequences and weights them according to sequence order and position to reduce the adverse effects of extreme values. In this way, the influence of experts' subjective preferences on evaluation results can be reduced.
Using the Delphi method, the 5 experts from the welldeveloped clinics evaluated the importance of each secondary indicator in determining the location of private clinics. The score ranges from 0 to 1, and the closer it is to 1, the more important the indicator. The original importance matrix B is shown below. Ranking the expert scores in the order of smallest to largest, we can obtain the ranking importance matrix D of secondary indicators B and D are shown at the bottom of this page.
The weight of each element in the ranking importance set λ is calculated using (8) [34] :
Here, c j−1 k−1 denotes the number of combinations when j1 objects are selected from k1 objects, c h k−1 denotes the number of combinations when h objects are selected from k1 objects.
Next, we obtain λ = [0.0625, 0.2500, 0.3750, 0.2500, 0.0625] The absolute weight of the secondary indicators w i is calculated using (9):
Here, λ j denotes the weight of the j position in the set of scores for the index i after ranking from largest to smallest, and d ij denotes the score of the corresponding j position.
We have w i = [0.5281, 0.0700, 0.6469, 0.6531, 0.7156, 0.7831, 0.7188, 0.6563, 0.7719, 0.6875, 0.8125] Using (10), the relative weight of secondary indicators is calculated:
Here, w i denotes the absolute weight of the i indicator.
The W i = [0.0688, 0.0912, 0.0843, 0.0851, 0.0933, 0.1018, 0.0937, 0.0855, 0.1006, 0.0896, 0.1059].
c: STEP 3: ESTABLISH AN EVALUATION MATRIX OF LANGUAGE VARIABLES
In the third step, we invited experts to evaluate the indicators of the 10 alternative grids using the expert meeting method and expert scoring method. The use of 2DULVs allows experts to express the uncertainty of their answers. The initial linguistic evaluation results of the three expert groups can be obtained through their scoring (given in Appendix C). Next, we construct and weight the initial 2DULVs' decision matrix (given in Appendix D) using (11) , as shown at the bottom of the next page.
Here, r * L ij denotes the lower limit of the initial evaluation values, r L ij denotes the lower limit of the weighted evaluation values, r * U ij denotes the upper limit of the initial evaluation values, and r U ij denotes the upper limit of the weighted evaluation values.
d: STEP 4: CALCULATE THE POSITIVE AND NEGATIVE IDEAL SOLUTIONS
In the fourth step, we obtained the positive ideal solution and negative ideal solution of each indicator using (5) and (12) , as shown at the bottom of the next page, according to TOPSIS (given in Appendix E). In the fifth step, we calculated the distance between the 10 alternative grids and the ideal solutions according to (4) and (13) . Similarly, the distance between the 10 alternative grids and the negative ideal solution can also be obtained (given in Appendix F).
Here, d(r ij , r + j ) denotes the distance between an element r ij in the decision matrix and the ideal solution r + j , and d(r ij , r − j ) denotes the distance between an element r ij in the decision matrix and the negative ideal solution r − j .
f: STEP 6: CALCULATE THE DEGREES OF CLOSENESS AND TURN IT INTO A COLLECTIVE PREFERENCE
In the sixth step, we calculated the degrees of relative closeness between each alternative grid and the ideal solutions according to (6) . The higher the degree of relative closeness, the more satisfied the decision-maker is with the evaluated object. However, there are differences in the evaluation results of the three groups. Therefore, we fuse the opinions of the three expert groups according to DSCCR to obtain an integrated result.
V. RESULTS AND DISCUSSION
We selected 10 grids that were suitable candidates for OMS to establish their clinics using the k-means clustering algorithm. We then use the integrated 2DULVs-TOPSIS-DSCCR model to evaluate 10 alternative grids. In this section, we discuss the comprehensive evaluation results of the 10 alternative grids.
A. INDIVIDUAL PREFERENCES OF THE EXPERT GROUPS
Through the degree of relative closeness between the 10 alternative grids and the ideal solution, we obtain the evaluation results of the three expert groups, respectively, as is shown in Table 2 . The grids with serial numbers 1-10 in Table 2 correspond to the grids with serial numbers 86, 108, 130, 131, 177, 178, 179, 201, 202 and 223 in Fig. 5 . According to the evaluation results of first expert group, the sorting order of the 10 grids is 178, 179, 108, 131, 202, 201, 130, 86, 223 and 177. According to the second expert group, the sorting order of the 10 grids is 178, 179, 202, 108, 131, 223, 177, 130, 86 and 201. According to the third expert group, the sorting order of the 10 grids is 178, 202, 201, 179, 108, 86, 131, 177, 223 and 130. Their evaluation results are consistent on the whole, but there are differences in specific rankings. It is worth noting that among the three groups of evaluation results, grid 178 always scored the highest of the 10 grids. The rankings of several grids in the northwest region are relatively high among the 10 alternative grids, and this outcome is consistent with reality because these areas are located near the provincial capital, which has relatively
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In response to the differences in the evaluation results of the three expert groups and to reach a unified conclusion, we then adopt the conjunctive combination rule of evidence theory to analyze the results.
B. COLLECTIVE PREFERENCE AFTER FUSION
To reduce the adverse influence of experts' subjective preference and judgment error on evaluation results to improve their credibility, the evaluation results of three experts groups are fused using DSCCR. We must first translate the individual preferences of the three groups into basic reliability allocation using (14) ; the results are shown in Table 3 .
Here, c i denotes the closeness degree, m denotes the BBA. Next, the individual preferences of the different expert groups are transformed into collective preferences using formula (6) , and the final evaluation results of 10 grids are obtained, as shown in Table 4 : According to the collective reliability allocation of three groups of experts, namely, m 123 , the sorting order of the 10 grids is 178, 179, 202, 201,108, 131, 86, 177, 223 and 130. In addition to the evidence theory used in this paper, there exist many other fusion methods. Przybyła et al. introduced four fusion methods from the rank level and nine from the measurement level and compared their experimental results [35] . They concluded that the Borda count method is the best method for producing definite results, followed by the sum rule and the product rule. To verify the reliability of the results in this paper, we use the Borda count method, the sum rule and the product rule to obtain the decision results and compare them with the results in this paper. According to the Borda count method, the order of the ten grids is 178, 179, 202,108, 131,201, 86, 223, 130 and 177 (given in Appendix G). The sum rule and the product rule give a consistent order of 178, 179, 202, 108, 201, 131, 86, 130, 177 and 223 (given in Appendix G). From the above results, we find that grid 178 is the most suitable region recognized by all methods. The top three for all methods are 178, 179 and 202. The results of all fusion methods are generally consistent.
We recommend that the first step for OMS should be to set up its clinics in the top few grids, such as 178, 179 or 202, because they have better conditions. This result is consistent with reality, because the construction of public facilities in the top 3 grids is relatively perfect and the medical needs and economic development levels generally lead those of entire city. For example, grid 178 ranks first and has excellent conditions for the establishment of clinics. With a population of over 220,000, grid 178 has the largest population of the ten alternative grids. The roads in grid 178 are dense, the terrain is flat, the economy is prosperous, the residents' income levels and consumption levels are high, and the regional construction status is coordinated with overall urban planning. It has 53 bus stations and subway stations, second only to grid 202, and 215 public parking lots, second only to grid 201. With 2 emergency centers and many first-class hospitals, it is convenient to transfer patients and invite doctors from first-class hospitals to work there in their spare time. Overall, the huge medical need, relatively good construction of facilities, modest housing prices, appropriate environment and coordinated regional planning all make this a good location for new clinics.
VI. CONCLUSION
This paper adopted an integrated evaluation process to help a private medical company determine the appropriate locations for their new clinics. A total of 313 grids were studied by dividing geographic grids and statistical POI data. The results show that GIS software has great advantages in processing spatial information, and the k-means method can greatly improve the efficiency of multicriteria and multi-objective decision-making. In addition, 2DULVs can effectively deal with the uncertainty in evaluations, and the D-S evidence theory can deal with conflicting opinions. Based on the evaluation results of the 11 indicators by the three expert groups, the D-S conjunctive rule was used to rank the 10 candidates. The methods adopted in this paper are suitable for enterprises to select sites for clinics, even if they are relatively inexperienced.
Our main contributions are twofold: 1) This paper makes some theoretical contributions. First, this study puts forward a strategy-making mode that combines a k-means clustering method and an integrated 2DULVs-TOPSIS-DSCCR model to select and evaluate the locations. The combination of 2DULVs and the D-S conjunction rule provides a reference to more effectively solve uncertainty and conflict in location decision-making. For the problem studied, this paper verifies and extends the existing methods. Second, this study not only considers objective POI data but also considers the opinions of authoritative experts in order to make the research results more convincing and reasonable. We also verified the convenience and feasibility of collecting and analyzing data through POI data and GIS geographic grids. Third, research on the location of private medical enterprises is not attracting enough attention. The topic of this paper focuses on the location decisions for the offline business expansion of private medical enterprises, which can provide some insights into the issue. 2) This paper also makes practical contributions. With the example of OMS, this paper explores the location of clinics for private enterprises and offers an operational scheme, which has certain reference value for medical enterprises to expand the market. Moreover, the data collection and analysis method used in this paper not only provides ideas for private medical enterprises in making location decisions but also can be extended to other decision-making problems in management. We present a specific implementation plan from data collection to selection and evaluation process. Our study also has some limitations. First, in this paper, the administrative boundaries and real regional boundaries are not considered when dividing geographical grids. However, it may be more accurate to take reality into account when dividing the grid, which we leave for future research. Second, the factors that actually affect location decisions are very complex, but as our data are limited, we may not have sufficient comprehensive consideration. If we could obtain data on how clinics in various regions operate, including their operating costs and revenues, we might be able to make more accurate business decisions. We look forward to dealing with these challenges in the future.
In conclusion, this paper adopts a systematic decisionmaking process to make location decisions regarding the business expansion of OMS. The research methods and ideas in this paper will also significantly enlighten other industries or enterprises and assist them in making similar decisions. We look forward to witnessing the future improvement and expansion described in this article.
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